Radiosonde observations made a t Kusaie in the eastern Caroline Islands on May 15-16, 1956, reported tropopause temperatures colder than -86" C. in several instances with an extreme value of -96" C. This series of soundings is examined and compared with those made a t other stations in the equatorial Pacific area.
I n a recent issue of t'lle Monthly Weather Reaiew, St'cpanova [I] presented a study of minimum t'ernperaturrs in the lower stratosphere utilizing data taken throughout the world. The well-known meteorograph observation from Batavia, Java made in 1913 [a] was presented to illustrate the extremely cold tropopause temperatures which occasionally occur in the equatorial regions. St'epanova noted that tropopause temperatures lower than the Batavia minimum -90. 9O C. have been reported in equatorial regions in recent years but presented no details of t'hese extreme soundings.
The purpose of this note is to present data for an occurrence of abnormally cold tropopause temperatures observed in the cent'ral Pacific during May 1956. The dat,a tjo be discussed were taken by stat'ions in the aero-. logical network established in support of Opcrat'ion Redwing ( fig. I ) and appear in the summaries for the individual stations prepared by Joint Task Force Seven [ 3 ] . The upper-air temperature data present'ed in these summaries are given to the nearest whole degree Celsius. However, in the two cases to be discussed in det'ail, copies of the original adiabatic charts (WBAN Forms 31A-B) were obtained from the National Weather Records Center.
During the Korthern Hemisphere spring mollths, the tropopause in the Marshall and C:lroline Island areas is usually found between 90 mb. a n d 100 mb. at t'emperatures near "80" C . In these areas departures of tropopause temperatures in excess of 5" C. from this valuc are fairly rare. However, during two periods in May 1956 the tropopause temperatures at stations in the network shown in figure 1 were considerably colder than "80" C. were rnade in daylight rmd special balloons designed for penetration of t8he tropical tropopause were being used [ 3 ] . The earlier of the two extreme soundings was made during t8he night but the later one wt~s released a t 0530 local time and would have been in sunlight u t the time the lowest, temperature was reported.
The portions of the two extreme soundings bet,weerl the 300-rnb. and the 40-mb. levels are shown in figures 3 and 4 along with soundings made at or near the same time at.other stat,ions in the network. Soundings at the same time were not available in several cases because other stations were also having difficult'ies in getting bs <L 11 0011s through the abnorrnally cold tropopause. Temperatures a t Kusaie were appreciably colder in the layer bet'ween 110 mb. and 80 mb. than those indicat'ed at' other st a t' ions. However, temperature differences were quite negligible a t levels below 200 mb. and above 60 mb. ( figs. 3 t~n d 4) . This agreement at the lower and higher levels offers strong evidence that the extremely cold temperatures reported a t Kusaie did not arise from large syste~nat'ic errors of' t'he type, occasionally found in radiosonde observations. Of course, instrumental and evaluation errors rnay have been present and at these very low values t'he temperat'ure resolution is not very great. The smallest unit used in the evaluation procedure (0.1 recorder division) corresponds t,o about 0.6' C. a t temperatures in the vicinit'y of -90' C. However, in view of the consistency of' the extreme obser- 
c.
The minimum tropopause temperatures a t other stations in t'he network were appreciably higher during the May 15-17 period t'han t'hose reported a t Kusaie. At Ponape and Kwajalein, the stations closest to Kusaie, the tropopause was reported between 80 mb. and 90 mb. in several cases but temperatures were not reported colder than "84' C. Observations were being made a t 6-hour intervals a t Ponape and a t 12-hour intervals a t Kwajalein during the period of primary interest'. The coldest tropopause telnperatures observed a t Rongerik dnring the Redwing observation period (-85" C. and "86" (2.) were reported at' 16-15 and 17-03. Presumably some of the cold zir from the vicinity of Kusaie could have pt~ssed Kwajalein undetected between 15-15 and 16-15 since the only sounding made during this period failed to reach tllc tropopause. Although the observations mentioned above fail to show strong evidence for an extensive area of abnormally cold air at the tropopause level, it. is felt that' the consist'ency of the observat'iorls from Kusaie is such that it would be difficult to discount the very cold ternperat'ures report'ed a t 15-18 and 16-08. The lowest temperatures coincided with the greatest reported tropopause heights ( fig. 2 ) which might suggest that the cold temperatures resulted from unusual convective activity.
The weather appears to have been disturbed a t Kusaie during the period of coldest tropopause temperatures. A stratocumulus overcast at' heights of 1,000-2,000 ft. was reported on a11 except one of the 3-hourly observations between 15-03 and 16-18. Rain was reported in present weather only at' 16-06 but past' rain and rain within sight was reported on all observations between 15-15 and 16-06. The total rainfall during the 15th and 16th was over 2 inches but rainfalls of this magnitude are fairly common at Kusaie. The island is mountainous with a maximum elevation of about 2,000 ft. and has an annual rainfall of 200-300 inches.
Most of the rainfall at Kusaie during the 15th and 16th occurred during the two 6-hour periods immediately preceding the coldest soundings. A total of 1.09 inches fell in the period from 15-12 t'o 15-18 and 0.77 inches in the period from 16-00 t'o 16-06. During the periods of heaviest rain, t'he low-level winds a t Kusaie were from the east arid light. Speeds shown on the 3-hourly observations did not exceed 5 knots at the surface and were less than 20 knots in the lowest 10,000 ft. of the atmosphere. Beginning at about 16-03, the wind speeds began to increase and the winds shifted to t'he southeast. Speeds in the 3,000-7,000-ft. level attained values in excess of 25 knots on three successive observations with a rnaximunl reported speed of 36 knots. The rain had ended by 16-09, near t'he time of strongest low-level wind speeds, and no additional rain was reported on the 16th or 17t'h.
The protract,ed period of rain and low ceilings and the shift of the wind from east to southeast a t Kusaie clearly suggest t,he passage of the equatorial convergence zone to the north of the station. Additional evidence was provided by tmhe low-level portion of t'he ROC BRAVO reconnaissance flight made on May 15-16 [3]. This flight showed n pronounced wind shift from east to sout'heast at the 1,500-ft. level in passing through a weat'her area 100-200 miles east and southeast of Kusaie at about 16-00. The same type of cloudiness was report'ed as a t Kusaie, especially to t'he north of the wind shift line, and for short periods the aircraft was in continuous cloud a t t>hc 1,500-ft. level. The low-level wind observations from Majuro and Tarawa suggest that the equatorial convergence zone was located between t'hese stations during May 15-17. The weather was good at Tarawa on the south side of this zone but rain was heavy at Majuro and also at Jaluit, which is located about 125 miles sout'hwest of Majuro. A t both these atolls rainfall exceeded 5 inches during the 3-day period. Most of the rain at ,Majuro fell between 16-18 and 17-00 with a total accumulation of 4.04 inches during this period.
At middle tropospheric levels, Kusaie was on the west side of a well-developed anticyclonic circulation on the 15th and the center of this system passed the station at about 16-08. The upper tropospheric flow was generally westerly a t all stations in the network during thc early part of the period of interest with speeds at the 200-mb. and 150-mb. levels in excess of 50 knots a t t'hc northernmost stations. Speeds decreased during the 15th but at the 100-mb. and 150-mb. levels the winds retained a westerly component throughout the 16th a t all stations, except for short periods a t Kapingamarangi, Kusaie, and
Kwajalein. It appears likely that the disturbed flow a t the 40,000 to 55,000-ft. levels a t Kusaie and Kwajalein during the 16th was associated wit'll the area of cold air detected over Kusaie. From ti preliminary esanlinat,ion of the upper t'ropospheric wind data a t several stations, i t would appear that, despite the low lat,itudes, the geostrophic thermal wind relationship could be used in tracing an area of cold air from the vicinity of Kusaie t o t,he north or northeast of Kwajalein.
The weather conditions and circulation patterns during lhql 15-17 actually offer little or no information which c.ould he used in substantiating the abnormally cold ternperatures reported in t'he upper troposphere over Kusaie. It' is interesting, however, that the equatorial convergence zone was located near the station, and apparently was well-developed, at' the time the coldest and highest tropopauses were, reported.
Addendum: Following the preparation of this note, the author has examined some upper-air records which suggest that the mean tropopause temperatures in the dry zone of t,he central equatorial region to the sout'h of the Hawaiian Islands are somewhat colder than those observed over the ,Marshall and Caroline Islands. Data t'aken a t Christmas and Malden Islands during the Brit'ish nuclem tests in early 1957 report'ed mean monthly temperatures of -85' to -88' C. During t'he period from 1400 OMT, February 19, through 0200 GMT, February 2 2 , 1957, there were five successive Observations a t Malden Island which reported tropopause temperatures colder than -92O C. An extreme value of "99' C. was reported on a daytime sounding made during this period.
